A nuclear factor (SBF-1) has previously been identified in Fhaseolus vulgaris L. (bean) suspension cell nuclear extracts that binds in vitro to three DNase I-footprinted elements (SBF-1 boxes I, II, and III, 5' to 3') in the 5' region of the bean CHS15 (chalcone synthase) gene promoter. To define the functional role of the three SBF-1 boxes in development, we examined transgenic tobacco plants carrying a series of nested CHS15 promoter-~-glucuronidase (GUS) fusions for GUS activity by histochemical staining. We show that the CHS15 promoter deleted to position -173 and lacking all three SBF-1 boxes directs the same qualitative pattern of expression in initiating lateral roots and in developing seeds as the full length promoter (-326). Thus, activation of expression in these organs is mediated by sequence elements located downstream of the three SBF-1 boxes. However, specific deletions within the -326 to -173 region modulate expression. Thus, deletion of box II abolishes GUS activity in initiating lateral roots. Further deletion of box III fails to restore expression but subsequent deletion of an additional 43 bp to position -173 re-establishes expression. We show that sequence-specific DNA-binding activities consistent with these results are present in nuclear extracts of bean roots and seeds. These studies reveal cis elements within the CHS15 promoter, and potential trans factors, that permit organ-and tissue-specific developmental patterns of regulation to be combined with a flexible response to environmental cues.
Introduction
Differential transcriptional activation of plant genes in response to spatial, developmental, and environmental cues is ultimately mediated by the binding of transcription factors to specific sequence elements present in the promoter of the transcribed gene. We are interested in defining the transcriptional mechanisms by which the diverse range of spatial, developmental, and environmental cues impacting a plant are interpreted to achieve regulated transcriptional activation of genes in the phenylpropanoid biosynthetic pathway.
Chalcone synthase (CHS) catalyzes the first committed step in the phenylpropanoid pathway leading specifically to the synthesis of flavonoids, isoflavonoids and related compounds. Subsets of these compounds are important as low molecular weight antimicrobial phytoalexins, as pigments, in reproduction, and in protection from UV light [9] . Flavonoids have also been implicated in the regulation of polar auxin transport [ 13 ] , and serve as signals for the establishment of legumeRhizobium symbiosis [6, 22, 23] .
In French bean (Phaseolus vulgaris L., henceforth 'bean') CHS comprises a gene family of at least seven members, for which differential enzyme biosynthesis is regulated at the transcriptional level in response to a wide range of external and internal cues [25] . Individual members of the gene family are differentially transcribed in a tissue-and development-specific manner, although overlap in expression is observed; hence, the overall pattern of CH S expression reflects the sum of differential transcriptional activation of the individual CHS genes [28] .
The promoter regions of two members of the bean CHS gene family, CHS8 and CHSI5, have been previously examined. In transgenic tobacco, a 1.4 kb CHS8 promoter: ~-glucuronidase (GUS) reporter gene is activated in the inner epidermal cells of petals, and in root and lateral root meristems [28] . The CHS8 promoter is inducible in leaves by both abiotic and biotic elicitors, including UV light, wounding, mercuric chloride, fungal elicitor, or infection with Pseudomonas syringae [3, 28, 30] . In contrast, a 490 bp CHSI5 promoter:GUS reporter gene is activated in transgenic tobacco by UV light and mercuric chloride, but not by P. syringae [30] . The analysis of deleted forms of either promoter, to functionally dissect the individual promoter elements controlling tissue-specific expression, have not yet been performed in planta.
Most functional studies involving the CHS15 promoter have been performed in electroporated soybean or alfalfa protoplasts, and have shown that the promoter is inducible by either fungal elicitor or glutathione [2, 5, 10, 17] . These studies, together with gel-retardation assays and invitro DNase I footprinting [10, 17, 32] have defined several functional regulatory elements that serve as the binding sites for bean and/or (equivalent) alfalfa nuclear proteins (Fig. 1) . These elements include a G-box (CACGTG) and three H-boxes (CCTACC[N]vCT) [32] , which, in combination, are necessary and sufficient for stimulation of transcription by the phenylpropanoid pathway intermediate trans-p-coumaric acid [20, 21] and are also implicated in activation of the promoter in response to fungal elicitor and glutathione.
Distal to the H-and G-boxes are three sequence elements, designated box I, II, and III which are involved in the quantitative induction of CHSI5 transcription in both elicited and unelicited cells [5, 10] . These three boxes are footprinted in vitro with bean and alfalfa nuclear extracts [10, 17] and each bears either one or two copies of the consensus motif GGTTAA(A/T)(A/ T)(A/T) [17] (Fig. 1) . The first six bases of this consensus motif are identical to the GT-1 recognition motif GGTTAA [8] . A bean nuclear factor, designated SBF-1 (Silencer Box Factor-l) due to the silencing effect of the box I, II, III region on chloramphenicol acetyltransferase (CAT) reporter gene activity in electroporated soybean protoplasts [5 ] , has been identified that binds in vitro to each of box I, II, and III, with highest affinity for box III [17] . Phosphorylation of SBF-1 is required for binding activity, and may also be required to maintain stable binding in a preformed SBF-1/DNA complex [11] .
Initial attempts to obtain a cDNA clone for SBF-1 have not been successful and are further hindered by a lack of knowledge of the specific expression patterns of the CHS15 gene in planta. In particular, information regarding the precise tissues in which CHS15 is expressed and also in which the distal region of the promoter containing the three SBF-1 boxes can be demonstrated to influence CHS 15 expression, would clearly be beneficial for the cloning of this factor. Due to the high level of sequence identity of the individual CHS genes within the bean multigene family it is Sequence and related features of the bean CHS15 promoter. DNase I-footprinted regions using bean suspension cell nuclear extracts (SBF-1) are underlined and labelled Box I, Box II, and Box III. The positions of the 6 bp sequences (large dots) with consensus homology to the GT-1 core binding site GGTTAA, and 3 bp extended regions of consensus homology (A/TA/TA/T, small dots) are indicated above the sequence. Also indicated with small dots is a sequence with lesser homology to these core and extended sequences. The three H boxes and the G box are underlined and labelled H Box and G Box. Also underlined are two sequence elements with the consensus GGPuTPuGAGATG and the TATA box. Additional regions with sequence similarity to regions of the bean PAL2 promoter are indicated with a dashed overline. Two of these regions show sequence similarity to the PAL2 promoter element CCACCAACCCC [18] , while the third region overlaps SBF-1 box III. 
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Materials and methods
Plasmid constructions
Plasmids pBICHS 1 and pBICHS2 were created by ligating the CHS15 promoters pCHC1 (-326 to + 103 relative to the transcriptional start site) and pCHC2 ( -173 to + 103 relative to the transcriptional start site), described by Dron et al. [ 5 ] , into the binary vector pB1101.1 [ 14, 15 ] . The 5'-deleted promoter constructs were created by cleaving a plasmid containing the CHS15 promoter from positions -326 to + 103, with Sph I and Sa! I, followed by treatment with exonuclease III and mung bean nuclease. Deleted promoter fragments were repaired with the Klenow fragment of DNA polymerase, recloned into pUCI9, and the deletion endpoints were determined by dideoxy chain-termination sequencing [27] . Deleted promoter fragments were released from the plasmids with either Hind III and Barn HI or Xba I, gel-purified, and ligated into the binary vector pBI101.1 [ 14, 15] . All plasmid constructions examined in this work are listed in Table 1 .
Plant materials and transformation
The vector plasmids carrying the CHSI5 promoter-GUS constructs were transferred from Escherichia coli into Agrobacterium tumefaciens strain LBA4404 by direct DNA transfer [1 ] . Leaf disk transformation of Nicotiana tabacum cv. Xanthi and regeneration of transgenic plants was performed as described [24] . Total DNA was prepared from leaf tissue of kanamycin resistant plants by the Dellaporta method as described by Herrera-Estrella and Simpson [ 12] , and Southern border analysis was used to show integration of the gene constructs into the tobacco genome. DNA was digested with Eco RI or Hind III, separated by gel electrophoresis, blotted and probed with GUS or NPTII probes using standard methods [26] . Independent integration of T-DNA into the tobacco genome was demonstrated for each tobacco line examined in this study.
GUS assays
Histochemical localization of GUS activity in transgenic tobacco seedlings was performed as previously described [14] with the addition of 0.1 ~o Triton X-100 as a wetting agent. After incubation at 37 °C for 16 h, plant tissues were fixed in 5~o formaldehyde, 5~o acetic acid, 20~o ethanol for 2 h, then cleared in 50~o (v/v) ethanol for 2 h followed by 95 ~o ethanol overnight. Alternatively, after incubation, plants were placed in 50~o (v/v) ethanol for 2 h, then 95~o ethanol until tissues had cleared, and photographed immediately thereafter. Plantlets from several lines were also stained according to the following protocol: each seedling was rinsed once in 50 mM sodium phosphate buffer (pH 7.0) containing 0.1 ~o (v/v) Triton X-100, 1.0mM EDTA, and 10~o (v/v) methanol. The seedlings were then transferred to the GUS reaction buffer which was identical to the rinse buffer except that it also contained 0.5 mM potassium ferricyanide/0.5 mM potassium ferrocyanide and 0.5mg/ml 5-bromo-4-chloro-3 indolylglucuronide (X-gluc). No difference in staining pattern was observed between tissue stained with or without the presence of potassium ferricyanide/potassium ferrocyanide. Histochemical localization of GU S activity in developing seeds was performed on sectioned seed pods as described [ 14] with the addition of 0.1 ~o Triton X-100. After overnight incubation at 37 ° C the seed pods were bleached in 0.5~o hypochlorite for up to 10 min.
Preparation of nuclear extracts for gel retardation analysis
Nuclear extracts were prepared by a modification of the method of Staiger et aL [29] . A 33 g portion of frozen tissue (suspension cells, roots, or seeds) was ground to a fine powder under liquid nitrogen, suspended in 3 vol (w/v) of ice-cold nuclear isolation buffer (NIB) (25 mM MES/ KOH, pH 6.0, 5 mM NaEDTA pH 8.0, 10 mM KC1, 250 mM sucrose, 0.5 mM spermine, 0.5 mM spermidine phosphate, 1.0 mM DTT, 0.5~o v/v Triton X-100, 1.0 mM phenylmethylsulfonylfluoride (PMSF), and 1 mg/ml each of leupeptin, pepstatin A, chymostatin, and antipain), and homogenized twice for 30 s with a Brinkmann polytron at setting 3.0-3.5. All subsequent operations 971 were performed at 4 °C. The slurry was filtered through one layer of miracloth, then through one layer of 30 mm or 40 mm nylon mesh. The resulting solution was centrifuged at 2000 x g for 10 min. The pellet containing nuclei and additional cellular debris was resuspended in 10 ml Percoll float buffer (3 ml 5 x NIB + 22.5 g Percoil) and centrifuged at 4500 x g for 5 rain. The surface paste of nuclei was collected, resuspended in 10 ml Percoll float buffer and recentrifuged at 4500 x g for 5 min. The float procedure was repeated an additional two times for seed nuclear extracts. The final surface paste of nuclei was retained and washed twice in NIB minus Triton X-100 by centrifugation at 2000 x g for 10 min. The resulting nuclear pellet was resuspended in approximately 3 volumes nuclear extraction buffer (20 mM HEPES/KOH pH 7.9, 1.5 mM MgC12, 25~o v/v glycerol, 0.2 mM NaEDTA PH 0.8, 420 mM NaC1, 1.0 mM DTT, 0.5 mM PMSF, and 0.5 mg/ml each of leupeptin, pepstatin A, chymostatin, and antipain), incubated on ice for 30 min with regular mixing, then centrifuged at 25 000 x g for 30 min. The supernatant containing nuclear proteins was dialyzed against 1000 ml of dialysis buffer (20 mM HEPES/KOH pH 7.9, 20~o v/v glycerol, 50 mM KC1, 0.1 mM NaEDTA pH 8.0, 1.0 mM PMSF, and 1.0 mM DTT) over 1.5 h using a Pierce microdialysis unit and membrane (molecular weight cut-off 8000) and five 180 ml chamber flushes. This ensures that more than 95 ~o of the salt has been removed. The dialyzed extracts were centrifuged at maximum speed in a microcentrifuge (Sorval Microspin 245) for 15 min to remove any precipitate prior to being snap frozen in 50 ml aliquots in liquid nitrogen, and stored at -70 °C. Protein concentrations were determined against BSA standards by the Bradford microassay (BioRad) according to the manufacturer's instructions.
Assay for binding activity
Binding activity in nuclear extracts was monitored by gel retardation analysis (GRA) in 10 #1 reaction volumes. Reaction mixes contained ei- [26] . Binding reactions were performed in a buffer containing 10 mM Tris-HC1 pH 7.5, 50 mM NaC1, 1.0 mM dithiothreitol, 0.5 mM PMSF, 1.0 mM EDTA pH 8.0, and 4~o (v/v) glycerol. The concentration of poly(dIdC)'(dI-dC) used in each reaction mix was determined by titration but was 100 ng//~l for all results shown here. Binding reactions contained 0.1 ng labelled probe (generally 50 cps) and were initiated by addition of labelled probe immediately (1 min) after addition of test extract, followed by incubation on ice for 30 min. The amount of protein extract added to each binding reaction is indicated in the figure legends. Samples were analyzed by electrophoresis through a 4~o polyacrylamide (60:1) gel in 0.25 × TBE at 4 ° C. Gels were dried under vacuum and exposed for 2-12 h at -70 °C to Kodak X-Omat X-ray film.
Competition GRAs were performed as described above, but included competitor DNA oligonucleotides at the molar excess indicated in the figures. Competition GRA's for SBF-1 activity utilized a cloned unidirectional, tetrameric concatamer of a box III 'double mutant' [10] that was released from pGEM7 by Eco RI/Bam HI digestion. The box III 'double mutant' carries a one nucleotide mutation in each of its two SB F-1 core recognition sites compared with box III (5'-GGTTAC-3' becomes 5'-GCTTAC-3' and, on the opposite strand, 5'-TGTTAA-3' becomes 5'-TCTTAA-3').
Results
Transformation of tobacco with nested CHS 15 promoter." GUS constructs
A fragment of the CHS15 promoter from positions -326 to + 103 relative to the transcription start site, together with a series of 5' deletions which sequentially remove boxes I, II, and III (Table 1 and Fig. 1 ) were fused to the promoterless GUS-coding sequence in the binary vector pBI101.1. These constructs were used to transform tobacco and transgenic plants were regenerated under kanamycin selection. Independent integration of T-DNA into the tobacco genome was demonstrated for all the tobacco tines described here (data not shown). Copy number varied between 1 to 4 inserts depending on plant line, but was not correlated to the all or nothing expression patterns described below.
Activation of the CHS 15 promoter in initiating lateral roots
Histochemical staining of whole tobacco seedlings for GUS activity revealed that the -326 CHS15 promoter (Fig. 2a) , the box I-deleted promoter constructs A-307 (Fig. 2b) , A-301 (Fig. 2c) , and the A-173 construct (Fig. 2j) , were activated in initiating lateral roots. These CHS15 promoters were activated within the pericycle of the primary root early in lateral root development, and activation persisted until emergence of the lateral roots from the primary root. GUS staining was not observed following emergence of the lateral root from the primary root (Fig. 2j) . GUS activity was primarily directed to peripheral cell layers in the emerging lateral root (Fig. 2k) .
In contrast to promoter:GUS constructs that deleted box I (A-307 and A-301, Figs. 2b, c), lines carrying constructs that deleted box II (A-281, A-265, and A-257) showed no histochemically detectable GUS activity in initiating lateral roots (Figs. 2d, e, f) . Tobacco lines carrying constructs that deleted box III (A-233, A-229, and A-217) similarly showed no histochemically detectable GU S activity in initiating lateral roots (Figs. 2g, h,  i) . In contrast, deletion of an additional 43 bp to position -173, including 19bp 5' of the first H-box, reactivated GUS activity in initiating lateral roots (Fig. 2j) . Results are summarized in Table 1 .
These results suggest that qualitative expression in initiating lateral roots is activated by sequence elements located downstream from position -173. Our data further suggest that this downstream-element-directed activation of expression is modulated both by SBF-1 box II, which acts as a transcriptional enhancer or coactivator, and by a silencer element that is deleted or disrupted in lines carrying A-173 constructs (Fig. j) 
Activation of the CHS15 promoter in developing seeds
Histochemical staining of longitudinally and cross-sectioned seed pods from mature tobacco plants revealed that lines carrying -326 CHS15 promoter-GUS constructs express GUS activity in developing seeds, primarily in the endosperm and in epidermal cells. GUS activity was observed in all tissues of the seed during the initial stages of seed development (1-4 days after anthesis) but was not observed in any additional maternal tissues in the developing seed pod (Figs. 3a, b and c) , except for the placenta. GUS activity was confined to the endosperm surrounding the globular stage embryo by 4-6 days after anthesis (Fig. 3d) . During this time, the cell layers exterior to the endosperm, including the seed integuments and the epidermis were unstained. From 5-10 days after anthesis, as the seed attains maximum size and embryo development begins to proceed beyond the globular stage, GUS activity was redirected primarily to the crenulated epidermal cells of the seed coat ( Fig. 3e and f) and to the placenta at the point of seed attachment (Fig. 3g) . Expression in the placenta was contiguous with expression in the funiculus (Fig. 3h) . GUS activity declined prior to the accumulation of anthocyanins and other pigments in the seed coat, although it occasionally persisted in the placenta for several additional days.
Localization of GUS activity to developing seeds was observed for all promoter deletions examined, including deletion to position -173 (Table 1) . Hence, these results involving seed expression, like the results for initiating lateral root expression, suggest that qualitative expression in Fig. 3 . Activation of the CHSI5 promoter in developing seeds determined by histochemical localization of GUS activity in situ. All figures show the histochemical localization of GUS activity directed by the -326 promoter, a, b, c, CHSI5 promoter activation throughout seeds and in the placenta (arrowed in c) 1-4 days after anthesis; d, activation of the CHSI5 promoter in the endosperm (en) and the placenta (arrowed) 4-6 days after anthesis; e, f, activation of the CHS15 promoter in seed epidermal cells 5-10 days after anthesis viewed primarily under incident (e) or transmitted (f) light; g, activation of the CHS15 promoter in the placenta (arrowed) at, and immediately surrounding, the point of attachment of the funiculus; h, activation of the CHS15 promoter in the funiculus (arrowed). Magnification of figures: a, 11 x ; b, 7.3 x ; c, d, e, f, h, 28 x ; g, 22x.
developing seeds is activated by sequence elements located downstream from position -173.
CHS expression has been previously reported in other plant tissues including the pigmented part of the corolla and in wounded leaves [28] . However, C H S 1 5 -G U S constructs did not express histochemically detectable GUS activity in these tissues.
DNA-binding activities in bean nuclear extracts
If the promoter-deletion studies in tobacco correctly report the regulation of CHS15 transcription in bean, then one would predict the presence, in nuclear extracts of bean roots, of SBF-1 (or a related) activity, and -2 1 7 / -173 region-binding activity. Thus, we used gel retardation analysis (GRA) to detect the presence of trans-acting factors in bean roots and seeds that are able to bind to one or more of the Mae I-1 fragment of the CHS15 promoter, a SBF-1 box III trimer, or a -2 1 3 / -175 tetramer. The Mae I-1 fragment of the CHSI5 promoter contains three DNase-Ifootprinted regions that each bear either one or two elements with a consensus SBF-1 binding motif GGTTAA(A/T)(A/T)(A/T). SBF-1 box III, the third DNase-I-footprinted region present in Mae I-l, contains two SBF-I consensus binding motifs on opposite DNA strands. SBF-1 box Ill was used as a probe rather than SBF-1 box II, since previous results have shown that SBF-1 has higher affinity for box III than for box II [ 10, 17] . The -2 1 3 / -1 7 5 fragment excludes sequences overlapping positions -217 and -173 that are footprinted with bean and/or alfalfa nuclear extracts [ 10, 17] .
Mae I-1 fragment-and box III trimer-binding activities were observed in nuclear extracts of bean roots and seeds (Fig. 4a) . SBF-1 activity was identified in bean suspension cells in control experiments using the same method to isolate nuclear proteins (Fig. 4a) . The bean root, seed, and cell culture Mae I-1 fragment-and box Illbinding activities retarded the probes to the same positions (Fig. 4a ). An activity was also present in nuclear extracts of bean roots and seeds that binds to the -2 1 3 / -1 7 5 fragment tetramer (Fig. 4a) . This activity was not detected in bean suspension cell nuclear extracts (Fig. 4a) .
The Mae 1-1 fragment-and box III trimerbinding activities present in bean roots and seeds were maintained in the presence of 1000 ng (10000-fold weight excess) sheared poly(dIdC).(dI-dC) as non-specific competitor DNA. This molar excess of poly(dI-dC).(dI-dC) was used in all experiments shown in the Fig. 4a -e. Competition GRA using either the Mae I-1 fragment (Fig. 4b, c) or the box III trimer (Fig. 4d, e) as 32P-labelled probes demonstrated that these binding activities are sequence specific. Thus, the activities binding to the Mae I-1 fragment and to the box lII trimer were competed by excess unlabelled box III trimer but only very weakly competed by an equimolar excess of a box III 'double mutant' tetramer ( Fig. 4b-e) . Hence, the Mae I-1 fragment and box Ill-binding activities present in bean root and bean seed nuclear extracts are indistinguishable, in terms of their binding characteristics, from SBF-1 activity present in bean suspension cell nuclear extracts. Additional weak complexes with faster mobilities than the SBF-1/ DNA complex were variably observed, but were not differentially competed, and therefore do not represent sequence-specific binding activities.
A -2 1 3 / -175 fragment-binding activity was present in nuclear extracts of bean roots and seeds (Fig. 4a) but not in extracts prepared from cell culture. The activity was weak in root extracts; however, it was reproducible. In both extracts the activity was maintained in the presence of at least 1000ng (10000-fold weight excess) sheared poly(dI-dC).(dI-dC) as non-specific competitor DNA and this excess ofpoly(dI-dC)'(dI-dC) was used in the experiment shown in Fig. 4f . Competition GRA with the -2 1 3 / -175 tetramer as 32p. labelled probe demonstrated that the binding activity present in bean seed nuclear extracts is sequence-specific (Fig. 4f) . Thus, the -2 1 3 / -175 tetramer-binding activity was completed by excess unlabelled -2 1 3 / -1 7 5 tetramer. Interestingly, the -2 1 3 / -175 tetramer-binding activity was strongly competed by the box III trimer, and less strongly competed by the box III 'double mutant' tetramer suggesting that this binding activity recognizes part of the box III sequence but that the G residues are not critical for binding. Both these oligonucletides showed much greater affinity for -2 1 3 / -175 tetramer-binding activity than did the -2 1 3 / -175 tetramer itself (Fig. 4f) . Very similar results were also obtained for the comparatively low abundance -2 1 3 / -1 7 5 tetramer-binding activity present in bean root nuclear extracts (data not shown).
Discussion
Our data show that the CHS15 promoter is active in developing seed and during lateral root initiation. In addition, fine qualitative control of CHS15 promoter activation in initiating tobacco lateral roots is modulated by specific sequence elements located between positions -173 and -326. Hence, deletion of SBF-1 box II eliminated expression of GU S reporter gene activity in initiating lateral roots, but failed to eliminate expression in developing seeds. This suggests that SBF-1 box II functions as a qualitative coactivator or enhancer of expression in initiating lateral roots. Alternatively, the requirement for box II could support a model whereby at least two SBF-1 boxes in close proximity to each other are required for efficient binding of the requisite tobacco or bean (SBF-1) factor(s). Lawton et al. [17] have shown that this is the case for SBF-1 activity present in bean suspension cell nuclear extracts. Deletion of box III failed to restore GUS activity to initiating lateral roots, but further deletion of an additional 43 bp to position -173, 19 bp 5' to the first H box, reestablished expression. This suggests that a silencer element is located between SBF-1 box III and position -173 that is deleted or internally disrupted by the -173 deletion. Studies of nested CHS15 gene promoter-CAT fusions in electroporated alfalfa protoplasts have similarly shown that the -217 (box III) deleted promoter directs lower CAT reporter activity that the -173 deleted promoter [ 10] .
While qualitative control of CHS15 promoter activation in initiating tobacco lateral roots is modulated by specific sequence elements located between positions -326 and -173, our data show that activation of expression is mediated by sequence elements located downstream from position -173. Activation of expression in developing seeds is similarly controlled by sequence elements located downstream from position -173. Candidate downstream sequence elements include the G-and/or H-boxes that are involved in transcriptional activation of CAT reporter gene activity in electroporated protoplasts in the presence of trans-p-coumaric acid [20, 21] . Thus, H-, and/or G-box activators may interact with upstream modulators, including at least one SBF-1 box, to direct transcription in lateral roots. Similar interactions between G-box, GT-1 box (GGTTAA), and I-box (GATAAG) motifs are thought to play a role in coordinating light-regulated expression of the rbcs3A gene [4] .
Extrapolation of the expression patterns observed in transgenic tobacco to bean predicts that trans-acting factors should be present in nuclear extracts of bean roots that bind to Mae I-1 fragment, SBF-1 box III, and -2 1 3 / -175 fragment probes. Consistent with the tobacco data, we have identified each of these predicted activities in bean root nuclear extracts. In addition, we also identiffed the presence of Mae I-1 fragment, SBF-1 box III, and -2 1 3 / -175 fragment binding activities in bean seed nuclear extracts. The tobacco data predict that the -3 2 6 / -173 region encompassing each of the three probes is not involved in modulating CHS15 promoter activity in developing seeds. However, bean seeds yielded at least a ten-fold higher ratio of binding activity:total extracted protein than either bean roots or bean suspension cells (G. Hotter, unpublished results). It is possible that SBF-1 activity in bean seeds may not modulate CHS15 activation in seeds, but may instead modulate activation of other genes with SBF-l-binding sites in their promoters.
We have shown that unlabelled box III trimer strongly competes the Mae I-1 fragment-and SBF-1 box III trimer-binding activities present in both bean root and seed nuclear extracts, while a mutated version of box III competes only very weakly. Very similar results have been reported for SBF-1 activity present in both bean suspension cell nuclear extracts and alfalfa suspension cell nuclear extracts [10, 17] . Thus, the Mae I-1 fragment-and box Ill-binding activities present in nuclear extracts of bean roots are indistinguishable in their DNA-binding characteristics from SBF-1. We suggest that these activities either represent SBF-1, or one or more closely related proteins.
Our results suggest that a silencer of expression in initiating lateral roots is located between S B F-1 box III and position -173 and that this element is deleted or internally disrupted by the -173 deletion. In vitro DNase I footprinting of the CHS15 promoter using alfalfa nuclear extracts has identified a footprinted region overlapping position -173 at its 5' end ( Fig. 1) [10] . However, this region is not footprinted in equivalent experiments using bean nuclear extracts [17] , suggesting that an equivalent activity is not present in bean. Our data show that both bean root and seed nuclear extracts contain a -213/ -175 fragment-binding activity. This activity was not been detected in nuclear extracts of bean suspension cells. This activity is strongly competed by unlabelled box III, while unlabelled box III 'double mutant' competes slightly less effectively. The nucleotide sequence in the -2 1 3 / -175 re-979 gion contains a potential SBF-1 binding site (AGTTATATG, Fig. 1 ) between positions -200 and -192 (inclusive) that retains six bases (underlined) of the extended SBF-1 consensus recognition site GGTTAA(A/T)(A/T)(A/T), including the central four bases of the SBF-1 core consensus recognition site GGTTAA. When compared to the box I, box II, and the two box III SBF-1 core recognition sites, this potential site shows greatest similarity to the box I core recognition site AGTTAA. In addition, we noted the presence of a sequence element (GGATG-GAGATG) in the -2 1 3 / -175 region that is repeated in consensus (GGPuTPuGAGATG) spanning position -257 (Fig. 1) . The significance of this observation is currently unknown. If the -2 1 3 / -175 tetramer binding activity represents SBF-1 binding to the AGTTATATG site, then GRA using equal box Ill-binding activities from nuclear extracts of bean cells, roots, and seeds should show equal -2 1 3 / -175 fragment-binding activities. This is not observed. Therefore, current data suggest that the -2 1 3 / -1 7 5 fragmentbinding activity is a novel protein.
Direction of GUS activity to initiating lateral roots has been described for several other CHS promoters, for example, the bean CHS8 promoter [28] . However, CHS8 promoter activation in lateral roots persists after lateral roots have emerged from the primary root of tobacco seedlings [28] , while CHS15 promoter activation does not. In addition, the CHS8 promoter directs expression to the lateral root meristem [28] , whereas the CHS15 promoter directs expression primarily to peripheral cell layers in a similar manner to CHS transcript localization in peripheral cells of initiating pea lateral roots [31] . Furthermore, the CHS8 promoter shows high activity in the cells of the primary root that are damaged during lateral root emergence [28] , while the CHS15 promoter shows only occasional low activity in these cells. Consistent with CHS8 promoter activation in wounded leaves, Schmid etal. [28] have suggested that CHS8 promoter activity in damaged root cells represents a defense mechanism against microbial infection during emergence of the lateral roots. If so, the comparatively weak activity of the CHS15 promoter in these cells is consistent with our failure to observe CHS15 promoter activation in wounded leaves.
GUS activity was also observed at various stages of seed development. This expression is unique to CHS15 promoter and was not observed for CHS8. Direction of GUS activity to seed epidermal cells by the CHS15 promoter is consistent with the induction of flavonoid biosynthesis during formation of the seed coat, presumably for the synthesis of anthocyanins. GUS activity is also directed to the funicle and placenta, tissue comprising the transit regions for solute transport from parent plant to seed. This region represents a potential zone of pathogen entry into the seed line, and hence a zone where constitutive maternal expression of defense genes during seed development may be beneficial.
GUS expression is similarly directed to developing seeds by CHS promoters from other plant species. For example, the snapdragon CHS gene promoter directs GUS expression in transgenic tobacco seed over a similar time course to that described here for the bean CHS15 promoter, but without a tissue-specific switch in GUS activity from the endosperm to the testa [7] . In addition, both the petunia C H S A and CHSJ promoters direct GUS reporter activity to the hexagonally shaped epidermal cells of the petunia seed testa [16] in a manner similar to bean CHS15 promoter-directed expression to the crenulated epidermal cells of the tobacco seed testa.
Why is the bean CHS15 promoter activated in the tobacco endosperm? It seems unlikely that GUS activity would reflect a protective role for stress-induced gene products during early embryo development given the considerable protection offered to the plant embryo by the integuments of the seed, by the testa, and by the seed pod. Expression of GUS activity in the endosperm may reflect the proposed function of flavonoids as inhibitors of auxin transport [13] . Recently, Liu et al. [19] have shown that the establishment of a polar auxin gradient in the globular stage embryo is critical to the establishment of bilateral symmetry.
In conclusion, this study, together with previous studies, have now revealed elements of fuctional architecture within the CHS15 promoter that permit organ and tissue-specific developmental patterns of regulation to be combined with flexible responses to a diverse range of environmental cues. Furthermore, this study has shown that the trans factor(s) binding to the Mae I-1 fragment of the CHS15 promoter and the box III trimer, and the trans factor binding to the -213/ -175 tetramer, are present in nuclear extracts of bean seeds at a much higher concentration than in nuclear extracts of either bean cells or roots. This suggests a comparatively high rate of transcription of these factors in bean seeds, and hence comparatively abundant mRNA. These studies should therefore facilitate future cloning of the trans factor(s).
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